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ABSTRACT

Sandpine (Pinu.sclausa)scrubis adaptedto. and retteneratedby. periodicstand-replacementwildfire, which consumesthe understory
and kills the overstory.The heat of the fire opensthe serotinousconesof Ocalasandpine (P. c/miscvar. clausal, releasingquantities
of seed that reestablishthe overstory. while the understory regeneratesby sprouting or from soil-storedseed. Resourcemanagers
attempt to mimic thi.s processby clear cutting and direct seedine.which seemsto work quite well. However.this method results in
far fewer snags.which may have important functions in the sandpine scrub ecosystem.Becausesand pine is a short-lived species
with very little heartwood,it is believed that thesesnagswould bea temporaryfeature of the system, and thus were not that critical.
My study teststhis assumptionby documentingthe life of snagsfollowing a stand-replacementfire in sand pine scrub on the Ocala
National Forest. Florida. Three standswere burned, one by a prescribedburn in May 1993 and two by natural fire in August 1993.
Prior to the fire, there were 520 Ocala sandpine/ha, 96 oaks/ha,and 137 snags~’ha.The fire killed all of the sand pine and most of
the oaks.Decay proceededmore slowly than expectedin the resulting snags.After 2 years69% retainedmost of the bark. 27% had
lost all bark and most of thelimbs, and only 49i had visible sapwooddecay.The first snagsfell between12 and 18 months following
the lire. but it took 5 yearsfor 50% of the snagsto fall. At the end of 7 yearsfollowing the fire. 32% of the sandpine snagswere
still standing. Thus, the snagsin sand pine scrub occur as part of the structureof the sand pine ecosystemfor much longer than
expected.Managersmay need to considermore prescribed(ire in wildernessareasto “eneratethesesnags.
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INTRODUCTION

Sand pine scrubgrows on deepdroughty infertile
sandsof marine and aeolian origin. Waler and wind
formed these featuresas sea levels fluctuatedduring
pastglacial and interglacialperiods(Kurz 1942.Laes-
sle 1958, Snedakeret al. 1972). Becauseof washing
and sortingduring transportanddeposition.soil parent
materialwas nearly pure quartzsand(Laessle1958).
This producedsoils which are alrrtost exclusively en-
tisolsandmostly Quartzipsamments(Myers1990)typ-
ified by the Astatula, Lakeland,Paola,and St. Lucie
soil series.

The Ocala varietyof sandpine is native to scrubs
on the centralridgeof Floridaanda strip of old dunes
stretchingfrom St. John’sCountysouthto the northern
portionof DadeCounty(now Miami-DadeCounty)on
the eastcoastand from nearCedarKey south to Na-
ples on the westcoast(Small 1921, l]arper 1927, My-
ers 1990). Choctawhatcheesand pine (P. clausa var.
immuginata) is the dominanttree in scrubsalong the
Gulf Coast, including off-shore islands,of northwest
Florida from the ApalachicolaRiver weslward into Al-
abama.Interior scrub, the largest contiguousareaof
Ocala sandpine scrub,occupiesabout 101,000ha on
the Ocala Nalional Forest (Bi~endernuehl 1990). This
areahas hot, humid summers,somewhatdry winters,
and a lone growing seasonaveraging30(1 days.Pre-
cipitation is abundantaveraging 1 300 mm per year
(1960—1980)with a maximum in July and a minitnum
in May. Even thotigh rainfall is plentiful. the areacx-

periencesFrequentdroughtperiods,which candevelop
within 2 weeks of a heavyrainfall becauseof the low
soil moisture-holdingcapacity.

Sand pine scrub is a unique cotnmunity with a
suite of speciesthat occur nowhere else (Christman
and Judd 1990). Ocala sandpine scrubhas an over-
story of even-agedsandpine with twistedatid leaning
trunks overan understoryof evergreenshrubs(Myers
1990). Typical understoryspeciesinclude myrtle oak
(Quercus myrtifb/ia), sand live oak (Q. gerninata),
Chapman’soak (Q. chaprnanii),turkey oak (Q. laevis),
rusty lyonia (Lyonia ferruginca), rosemary(Ceratiola
ericoides),scrubpalmetto(Sabalelonia),andsawpal-
metto(Se,-enoarepens)(Outcalt1997).Becauseof the
well-drained soils andcompetitionfrom the sandpine
t)verstoryandunderstoryshrubs,herbsandgrassesare
very sparsein maturescrubhabitats.Typical species
include beakrush (Rhync’hosporamegalocarpa),milk
peas (Galactia spp.), and bluestems (Andropogon
spp.). Lichens (Cladoniaspp.) form extensivepatches
on the forest floor (Greenberget al. 1995b).

Species richnessand diversity of herbaceous
plants are significantly greater. however, in recently
disturbedareas(Greenberget al. 1995b).Most of the
endemicspeciesthrive in this open scrubwhere sand
pine is in the seedlingstage.As with many ecosystems
in the southeasternU.S., the primary disturbancecre-
ating these open conditions is fire. Becauseof its
sparseground cover and compactedlitter layer, much
of the time sandpine scrubis virtually fireproof. How-
ever, every 10 to 100 years.usually during the spring
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120Table 1. Characteristics (mean 95% confidence interval) of
overstory trees prior to prescribed fire in 1993 in Ocala sand
pine scrub on the Ocala National Forest, Florida.

Stand

Characteristic 1 2 3

Ocala sand pine
Density (no./ha)
Diameter (cm)
Basal area (m2/ha)
Height (in)

Oaks
Density (no./ha)
Diameter (cm)
Height (in)

670 ± 137
17.5 ±0.6
16.8 ±1.6
16.9 ±0.8

77 ±48
6.6 ±0.8
4.2 ±0.4

470 ±78
20.1 ±0.9
13.8 ±4.0

a,
C

C

C
4’
U
4’a.

367 ± 131
20.3 ± 1.2
10.0 ±3.5
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157±64 53±39
7.0 ±0.6 8.4 ±0.7

Fig. 2. Percentage of Ocala sand pine and scrub oak snags
standing, following prescribed fire in 1993 in sand pine scrub on
the Ocala National Forest, Florida.

at least 10 cm lessthan the sandpine (Table I). These
oaks composedthe midstory layer of the standsas
shown by the much smalleraverageheight.

The fires scorchedmost needleson the sandpine
trees, but some trees along the edgeretained green
crowns. Two months following the fires, all pines in
the stands had brown needlesand were obviously
dead.During the first year,topsand brancheswere lost
from a few of the deadsandpines.Decay was rather
slow, however,with just 4% of the sand pine snags
losing most or all of their bark during the first year.
The first stemsfell overduring the secondseasonfol-
lowing the fire (Figure2). Ocala sandpine stemscon-
tinued to fall the following yearsbut it took over 4
yearsbefore 50% of them were on the ground.After
7 years,aboutone-thirdof the stemsremainedstand-
ing. Midstory scruboaks in the standsbeganfalling
soonerand the 50% loss figure was reacheda year
sooner, at 3 years. Nearly all of the oak stemshad
fallen after 7 years.

Diameterof sandpine stemshad little effect on
snag longevity, as the rate of loss wasessentiallythe
samefor a 6-cm stemas it wasfor a 26-cmstem(Fig-
ure 3). The loss of Ocala sand pine snagswas rela-
tively constant,declining about8.5%peryear.Assum-
ing the decayratesremainconstant,all snagswill like-
ly havefallen by II years following the fires.

Although diameterdid not affect rateof snagloss,
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Fig. 1. Density of Ocala sand pine by diameter class, prior to
prescribed fire in 1993, in sand pine scrub on the Ocala National
Forest, Florida.

longevity did seemrelatedto fire intensity as shown
by data from stand I. Snagsseparatedout into two
general groupswith those in the higher-intensitycat-
egoriesfalling over more quickly than those less in-
tensely burned (Figure 4). Those sand pine stems
where fire was intenseenough to melt 75% or more
of the metal tag had a higher initial loss rate and de-
clined to the 50% snagloss level by 3 yearsfollowing
the fires. The less intensely burnedtreesdid not reach
the 50% snagloss level until more than 5 years fol-
lowing the fire.

The progressionof decaycan be tracked by fol-
lowing the numberof pine stemsin each category.
After 1.5 years,mostof the pine snagsstill hadmuch
of theirbark (Figure5). Two yearsafterthe fires, there
was a shift to more stemswith someor most of the
barkgone.This continuedthroughyears3 and4 along
with an increasein the numberof fallen stems.After
5 years, most of the stemshad lost their bark andby
6 years.many had significant sapwooddecay.Seven
yearsfollowing the fires therewere no stemswith the
bark still on and nearlyall had at least somesapwood
decay.Few stems,however,had becomecompletely
soft and none had yet begunto lose shape.Scruboak
snagsretained their bark longer than the sand pine
with 66% retainingall bark2 yearsfollowing the fires.
Sapwooddecay wasmorerapid, however,onceit be-
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Fig. 3. Effect of diameter class on percentage of Ocala sand
pine snags standing following prescribed fire in sand pine scrub
on the Ocala National Forest, Florida.

52

0 1 1.5 2 3 4 5 6 7

Years

5.10 10.1-15 15.1-20 20.1-25 25.1-30+

Diameter Class (cm)



DECAY OF FIRE-CAUSED SNAGS IN OCALA SAND PINE 53

100

‘4
a,

a,
C

C
(V

80

60

40

20

0L
1.5

Fig. 4. Effect of fire intensity in stand 1 on percentage of Ocala
sand pine snags standing over time following prescribed fire in
1993 in sand pine scrub on the Ocala National Forest, Florida.

gan with 20% of the oak stemslosing shapeand 10%
were just fragmentedpiles of wood 7 years after the
fires.

DISCUSSION

BecauseOcala sand pine has little heartwood,it
has beenpresumedit would decay quite rapidly and
that standingsnagswould be a temporary structural
componentof burned stands. Once Ocala sand pine
dies,the first stageof changeis the loss of limbs and
crowns,which beganduring the first 6 monthsfollow-
ing the fires. Thisis followed by the lossof bark from
the bole,which beganat 1.5 yearsandcontinueduntil
nearly all stemshadlost their barkat 5 yearsfollowing
the lires. It took 6 years,however,for mostof the pine
snagsto developsignificant sapwooddecay.Because
this sapwooddecayproceededmore slowly than an-
ticipated,snagslastedmuch longerthanexpected,with
none falling until I .5 yearsafterthe fires and50% still
standingafter 4 years.Even after 7 yearsone-thirdof
the snagswerestill standing,althoughmany werebro-
ken and less than 6 m tall. Basedon the rateof loss
to date,it should takeover 10 yearsfor all of the snags
to fall. This loss rate is only slightly faster than re-
ported for fire-killed lodgepolepine (Pinus contorta)
snagsin Montana(Lyon 1977).It also followed a sim-
ilar patternto that found for the lodgepolepine snags
that hadfew lossesthe first 2 yearsandthena steady
declinethereafter.

The scruboak snags were less durable than the
pine: they beganfalling soonerand continued at a
greater rate. Only a few were still standingafter 7
years. In a study in the SouthernAppalachians.Har-
mon (1982)also reportedthat oak snagsdecayedmore
rapidly thanpine. Although lossrateswerehigher than
for pines they were not nearly as rapid as those re-
ported by Cain (1996) for herbicide-killed trees.His
equation for similar-sizedhardwoods(under Ii cm in
diameter) predicts only 20% of the scrub oaks still
standingafter 2 years, while the actual amount was
52%. This could be due to a number of factors in-
cluding causeof mortality, climate,or speciesdiffer-
ences.Conneret al. (1983) reported that herbicide-
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Fig. 5. Progression of decay in snags and fallen logs following
prescribed fire in 1993 in sand pine scrub on the Ocala National
Forest, Florida.

killed oaksdecayedmorerapidly thandid girdled oak
trees in an east Texas study. Thus, causeof death
seemsthe most probablecauseof the lower loss rate.

Raphaeland Morrison (1987) found small-diam-
etersnagsof Jeffrey pine(Pinusjeffreyi), redfir (Abies
magnifica),andwhite fir (Abiesconcolor) in California
hada higher rateof lossthan largerstems.Otherstud-
ies have also reported smaller-diameterhardwood
snags tend to fall more quickly than larger snags
(Dickson et al. 1983, Cain 1996). However, treedi-
ameter did not influence the rate of pine snag fall in
my study. This is likely due to differencesin species
and diameterranges.Western trees are much larger
thansandpine andthusthe studyby RaphaelandMor-
rison (1987) included snagswith diametersexceeding
50 cm. Below 38 cm snagshad an equalloss rateand
it was only the largersnagswhich were morepersis-
tent. Thus,their dataagreewith my findingsacrossthe
rangeof sandpine diameters(6 to 35 cm). There are
likely speciesdifferencesalso, as lodgepole pine, a
tree with similar ecologyand physiologicalattributes
to Ocala sand pine, showedno relationshipbetween
diameterand rate of falling (Raphael and Morrison
1987)evenfor the largestsnags.

MANAGEMENT IMPLICATIONS

Although fire-killed snagsin short-lived species
like Ocala sand pine and lodgepole pine are not as
durableas Douglas-fir (Pseudotsugamenziesii)snags.
which can last For decades(Cline et al. 1980), they
may be just as important in their respectiveecosys-
tems.Ocalasandpine snagsarean importantstructural
componentfor at least a decadefollowing fires. It ap-
pearsthat coolerfires might increasethe longevity of
snagsevenfurther,as thoseburnedlessintenselystood
longer in this study. Since the fire return interval is
every 10 to 100 years, this meansundernatural fire
regimesOcala sandpine snagsoccupieda given area
at least 10% of the time or on a landscapescalewould
occur on at least 10% of the area at any given time.
In addition snags will continue to be important as
coarsewoody debrison the forestfloor for someyears
after they fall as most havenot yet reachedthe stage
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where all sapwoodis soft andthe log is beginning to
lose shape7 yearsafter death.Thesesnagsandfallen
logs representa significant habitat that specieshave
evolved to exploit. Current managementprescriptions
call for leaving4 to 6 snagsperhectarebasedon needs
of cavity-nestingbirds (McComb et al. 1986). This is
supplying snags,but it is a much different structure
than would have occurredin natural regimes.Thus,
managersmay need to considermore prescribedfire
in wildernessareasto generatethe higher-densitysnag
habitats.They alsoneedto evaluatethe function of the
snagson areasburnedby wildfire before they decide
to salvage them for the revenue they can generate.
These snags may have a much higher value to the
ecosystemthan previouslybelieved.
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